Killer toxin activity of Pichia anomala WC65 appeared fungicidal for P. bimundalis WC38 and fungistatic for Candida albicans RC1. Inhibitory activity against sensitive C. albicans showed a linear relationship between toxin concentrations and the inverse of the reduced growth rates. The plot of toxin concentrations against growth rates was hyperbolic, as is characteristic of saturation kinetics. Sensitivity of C. albicans to the toxin decreased with increased cell age. The measurement of growth rate reduction provided a simple and accurate method for quantitation of toxin.
romyces lactis the determinant is a DNA plasmid (8) . In contrast, the determinants for toxins in Pichia species are apparently not encoded by plasmids (15) .
Stable, broad-spectrum, antiyeast toxins are of significance to the fermentation industry not only because contaminants with the killer phenotype have the ability to suppress industrial yeasts but also because they raise the possibility of engineering industrial yeasts capable of suppressing contam- inants (23) .
Recently, the use of susceptibility patterns to various toxin-producing species of Pichia has been proposed as a method of typing Candida albicans (14, 16) .
Although toxin activity of Pichia (Hansenula) anomala has been noted for C. albicans (14, 16) and S. c erevisiae (17) , data on the nature and mode of action of the toxin are unavailable. In this paper we describe a new, more effective method for toxin assay and report on the optimal conditions for production of an intergeneric toxin produced by P. anomala WC65. The factors influencing the sensitivity of one of the susceptible yeasts, C. albicans, are also investigated. MATERIALS Toxin production. P. anomala WC65 was grown in Sabouraud broth in 4-liter Erlenmeyer flasks with a 2-liter working volume on a rotary shaker (250 rpm) at 28°C to a point when a 10-times-diluted culture had an optical density of 0.2 at 600 nm. The surface/volume ratio was maintained for smaller batches (50-ml cultures in 100-ml Erlenmeyer flasks). Cultures were harvested by the following two methods. For samples of less than 50 ml, the cells were pelleted by centrifugation at 10,000 x g at 4°C for 10 min, and the supernatant was lyophilized. The dried supernatant was suspended in 1.0 ml of distilled water and sterilized by passage through a 0.22-,um-pore-size membrane. For larger volumes, the culture broth was separated from cells with the Pellicon cassette system (cassette with 100,000-molecularweight cutoff; Millipore Corp., Bedford, Mass. Toxin production. The concentrated culture filtrates from the early exponential growth of P. anomala showed increased inhibition for C. albicans with time. Inhibition by filtrates collected after 28 h decreased in their inhibition of C. albicans but still showed increased inhibition of Saccharomycodes ludwigii for an additional 12 h (Fig. 1 ). The addition of 0.01% Tween 80 to the production medium did not increase toxin production as had been shown previously for P. kluyveri (12) . Studies (Fig. 2A, inset) . The reduction in growth rate of log-phase cells of C. albicans RC1 was observed 3 h after the addition of toxin (Fig. 2A) . The plot of toxin concentrations against growth rates was hyperbolic, which is characteristic of saturation kinetics (Fig. 2B) .
Nearly identical results were obtained in four separate series of tests. Stationary-phase cells inoculated into Sabouraud broth and treated with toxin did not show a decrease in growth rate comparable to that of log-phase cells (Fig. 3) . Only the lag phase that is characteristic of cultures started with a stationary-phase inoculum was observed. Sensitivity to toxin decreased with increased age of the cells (Fig. 3,   inset ).
Fungistatic and fungicidal effects. Toxin-treated log-phase cells of C. albicans RC1 continued logarithmic growth for about 2 h, followed by approximately 3 h of stasis before resuming growth. In contrast, the toxin appeared fungicidal for P. bimundalis WC38 (Fig. 4) .
Effects of medium on sensitivity. The effects of different carbon sources for the growth of C. albicans on its sensitivity to the toxin are indicated in Table 2 1.00 sensitivity was observed when glucose was the carbon source. Cells growing with lysine as the carbon source were relatively immune to the toxin. When glycerol was added in combination with the toxin to cells growing on glucose, the cells showed increased sensitivity. Cyclic AMP (0 to 2.5 mM) added to cells growing in Sabouraud broth had no effect on sensitivity.
DISCUSSION
The most commonly used assay to detect yeast killer toxins is a well assay based on the procedure of Woods and Bevan (22) . This assay lacks sensitivity at low and high toxin concentrations. Furthermore, the well assay is affected by a number of parameters such as the diffusion rates and amount and growth stage of the inoculum. For example, cells of C. albicans RC1 from the late-exponential phase to the stationary phase are less sensitive to the toxin than younger cells. The growth rate reduction assay was more sensitive, more rapid, and more reproducible than the well assay procedure.
The saturation kinetics observed with an increase in the ratio of the toxin to C. albicans cells suggest the presence of a toxin receptor, probably on the cell wall. Cell wall receptors are known to mediate toxin action in the killer system of S. cerevisiae (1, 9) . In S. cerevisiae, the toxin acts as a protonophore causing ATP leakage and as a K+ ionophore (5, 7), whereas in K. lactis the toxin specifically inhibits adenylate cyclase (18 catabolite repression, because the addition of cyclic AMP to the glucose medium did not affect sensitivity. During catabolite repression in S. cerevisiae, cyclic AMP levels decrease (11) , which should increase the sensitivity of cells to a toxin that inhibits adenyl cyclase.
The production by P. anomala of the killer toxin which was active against S. .ludwigii correlated with the growth curve. Similar results have been reported for toxin production by Pichia (Hansenula) saturnus (15) and K. lactis (19) . The P. anomala toxin demonstrated a pH range for toxin production and an intergeneric inhibitory activity like those seen for other Pichia species (2, 12) . Toxin that was active against C. albicans appeared to accumulate during the early-exponential growth phase of P. anomala. During the late-exponential growth phase, activity against C. albicans decreased, whereas activity against S. ludwigii increased. This inverse relationship suggests the presence of more than b Determinations were based on duplicate incubations which were harvested at an optical density of 0.1 at 600 nm, diluted in fresh broth to an optical density of 0.05 at 600 nm, and assayed by the growth rate reduction assay; values are the means ± standard deviations. one active component in the toxin preparation. Glycerol, which stabilizes some proteins, has been shown to enhance toxin activity of K. lactis (19) . A similar, enhanced toxin activity in the presence of glycerol occurred with toxin of P. anomala.
Like the toxin of S. cerevisiae, the toxin of P. anomala acts by binding to a receptor site. In contrast to the toxin of S. cerevisiae, the toxin of P. anomala has a broader range of activity. It has intergeneric targets, some of which exhibit fungistatic rather than fungicidal activity. Unlike the toxin of K. lactis, the toxin of P. anomala is not counteracted by cyclic AMP. These phenomena suggest that the P. anomala toxin has a unique mode of action. The application of the growth rate reduction assay for receptor-toxin binding studies should provide a practical procedure for elucidating toxin mechanisms of action.
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